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A computer simulation nethod Is presnted for the For thie paarpo o of desdgning the auxdliary ereig
desion of an electrical mix]lary coviqy wystem systen, At bnoataoned thatl o goad controller can
for passive solar heated structures,  The avsten be foung to et the system e foane nee

consists of electrics? mats huried in the groursd recpiteazitea. Generally, It s been fuw o in
undernealh the structure. [neray Iq stored In WG stiny that the Genlyn paraseten, are

the ground durine utlllity of topeal hore and af bivtedd by e type of control oresd, that
relequed panslvely to the Leatmr encloture, An simple ceovetional continther gives oo

eptimal continl strateqy 1o vwasd oo teimdee the performan. o In teims of emergy cont ) cawe that e
nystem doslon parameters of depth of mit glaceasnt systom purfolar e 1o e et e T desgn
nrvl minimm fnutalled electrical beat log caeneity, paranets - with o intel T laent controller thaa
The optiral contro!l applies combinat lons of (ismg with o very sluple cootjoller,

cdurat inn eneray pulses to the heater, which

minimlse the ronm temperature orrarearquanted for Ihe amalysic apgtunch in this stody ic tnuae Ue
enrh day, aeraming ndvanee kboowledps of the aoy's besst o o] Wt ean bee appd bed Lo ey e,
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fnto Flve twoc by pes s, T detese b e

Ibe gus]l Yary ereeragy for paseslve calar lecataud bt cmtanl, the dittorential egtione, that
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e orood weberoeath the stroctare darbig
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erpendmd beofese 4t o neeted Ao heatl the bemare, Tl gpe U fogend 1o guir. .,

structure oo ta the thereal Jae of the St
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differenee-. can be famd by aidition of the
Intivirsianl responses, and the total system
rerponne ¢an be found by adding the 1esult to
the unfarced system response.

5. The comhliation of pulses that glives the
mirjmum ront-mean-square (HMS) room
temperature error araund 09 aver the
entire day Is the heat control for that day.

Maturally, the nmber of pulees or time divislons
oveer the aft-prak poriod can he made arhbltiarily
11rae, bul five pulwes, glviny 42 combinat lons,
I umetl here.  Ten pulses would glve 1024
eorhiinations, for example. lowiwver, although thn
sethord §r woll-tulted to digital computer
silutlon, comput Ing tire heeomes problbitive for
ten pulees if very many diys or parameter studies
are tn be eominerd,

The ¢atly crmputat Ions were 1epested over N
thres-ranth gerlod (0 eemher, Janoary, aned
February) wedna weatlesr data for the Tos Alimos,
Nrw Foxivo, winter of 1974, 1ne effeel of the
tendan paraeeters of electrleal mat placernt
centh arnd Tt allisd vt o ayetem cap ity were
ahrtied wilh ol et Lelty o o vinciahile,
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e tem wlll beoapend, Thia prodeet Tooa Jolnt
venture botwesy the Pyl feavies Coopew of Bew
Mevlen, the Lee Al Seient 1060 Lalmratory, ol
Cormmieo, e, o Saata be i e, Lo

deaneet rate the tee % an el aweerdy, 1ol manaeped
eloctrleal baeckoo st fog o aystem Inoa poealve
walar lesatend Poslobmee, I peveas iguber shinly
ke ipe primally af o ol g storage will el
coreidep able dineet welat nalog e elevty leal
it e bgrlesd o pres 1 el depth beneath o
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i 11 b o [y sl L (eallehe) ) amd e
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Saolar wall 16 in. concrete, oul-qlazed

(Troabie wall) exterior, k = 1.G Bty _
hr.TL.TF

Solar wall wifh Rutln : 1.0

tul Talng Toad

Solaur wall int. heat 1.0 sty '

transfer oo ffeient hr T0?%

Flonr w-at transfer 1.5 Blu N
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Constant snil diffuslvity

. conductivity 0.03 117

voliunetr e scitir Tt

It I anesamened thiat the sofl 1o nt o constant
tempetatute a1 W2 five foet below e slan for
the purpnnse of ealealating downw i 1onses.
Rigld Lisulntion lle!its hrat Jos ot the
periphery of the structure,
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TAWLE 11
SYSTEM DAILY SUMMARY %I1TH OPTIMA CONTROL

AMBIENT TEMP (OF) ROOM TEMP (OF) 0% CONTRUL ENERLY
DAY AVG HIGH LOw AVG HIGH LOw RMS Sty 151, H
¥ Ry

] 25.8 35.C 1.0 69.3 73.5 67.0 2.7 10U 20
? ?8.6 40.0 1a.4 69.2 7.0 66.7 2.3 10000 a)
3 27.1 36.0 16.€ €9.6 73.6 67.% 2.0 1100 40
&4 2.0 38.0 18.1 6.6 73.9 6.4 2.7 10000 20
5 25.9 3.0 18.1 69.1 73.1 67.0 7.1 10000 20
' 30.6 42.0 2.0 69.?7 7.1 fl.4 2.1) 10000 2
7 38.2 44,0 /8.0 69.9 73.5 €1.9 1.9 o 1]
a 2.1 3.0 17.2 9.5 0.6 8.1 0.v 11101 8n
9 13.F 22.0 9.0 69.4 15.7 .7 2.7 111w 6u
n 16.2 30.0 3.0 9.1 4.2 6h.h 2.6 111 (7]
1N 1R.5 30.0 7.0 69.6 13.9 6.6 1.6 11111 10}
12 17.? 31.0 4.3 69.% 7.1 6/.4h 7.5 11000 [ ¢]
1% 27.) 39.0 1.2 69.1 75.6 66,/ 2.% el U 2
14 26.3 4).0 17.0 6h.6 Nn.1 h. 4 2.0 11110 80

[nemy terms are in kwhr,  The other terms ane;

Fap Fractinn of miillary civergy trad
of f=preale, aul
rs Percent snlan,

Nomntron s slealut fon stidles eere e to
dreetermlne the aptlmom pliceraent ¢epth ot the
electoieal eate gilog the opt ] eont ol sclnem:,

A twpleal dally summary of the system similat fon
fo. wiven In Table 1T, This cummary te for o
twn-wsok porpind taken from g three-nmnth
oimilatinn,  The eentrenl sopenee columm dawe,
thes two=beiar Lime peerfods ov er the te-lvar

of F=pvrile e lew] wden thw: powess {0 on, For
exanle, HFE jepresmnmts power on from 10 pom,
tor ml Inloght, (0] pepreeente yumoer o0 from
ram, to 8 nam,, anrt s forth, The cae sdiwn In
Table 11 wrare the deadon puraaslers of 10 kw
rlectrleal copacity, 9dneh gt dopth ann
wearpt oo of aromd condet fvlty of 0,/

Nha/ny 0L ahove e mats cend the 0,Y

Bt/ 007 beelow the mad -,

The perfarmnes pametees thit e geaad o
tetermline the nyctom doatm are wnean] By pem
temper ature erreor, chalute minlmen rinom
terperature attaliesd, total tine gt helow
9Ny talg! tHme cpent phinve 9 et tnt g
elhoctrleal conarpt fon,

The s fambat lon alietfes Toefleatss that, tor this
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e 200 w14 /00 0 AL prower e e Duelow
thils ot valie, the pegfarmeece of e
vyntem o begeme, of the Hatod par et s,

tetos top slee, ehpply, cxcept Ul leee, vl
ety buoaeed, M lewpeas 4! 1= 1 Ton Ind 1L
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vl thin capeee ity Lot i the e aiiiley Gf {hee
wlmg) e o IF'\‘I"..
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The gereral findlngs from the studles are:

1. The .eararal RMS emperature error lncrcases
with cdepth, tut over the range of
condi stivitins examined, exhibits n broad
reaion of Insensitivity tn hoth depth and
minimum S e1ror for depths between 6 and 15
inchea, Gi'nerully, for depths In excess ol
17 lnchi~, the M5 error Increases rapidly
with Inrreasing depth,

N

A depth of at least 6 Inches Is required to
ohtaln erceptable minimm tem eratures (over
659F), The minimm lemperature nlwn drops

of f rapidly for depths In crens, af 12 inchvs,

A, The time spent below 650F exhibits a Lroad
minimum (vwally 7:ro) for a dopth betwe-a €
el 12 In hes,

4. Total rmwray ervampt lon Increises with
s pth.  For higrer base woll conductivitic.
(abvive 0.4 Blu/h=. LM ) placemnl pth
must be lews than 12 foches tor the systom to
use less rateapdhisted energy than 1s used In
the Ltamdard ease

If 011 of the camwn are connldennl, u dejpith of 9
Trrhon appears ta Lo the gptlaem value for i wink:
i of onll condpetivities fur Use el
nusined In thin atudy; thls doepth b, b choren
for the projeet,

ey Lysie (F sk

%ok on e deadon of thly syatem §s Toeamlete,
n erder to doeslgn o rontiol wyatem, ome eyt
fimd o confrol alnorithm thal givee o wystem
performww e an clne tn e o3 imal wyslem e
possibhle, e opt Imal ay b perfotn ewe ¢cm
never bie attalonsd beegee browledie ot the nest
chay's weather fo ot attalmmbe, Ay Ligor ond
camtralnt on e b slegn bn that Uie cont el
beareheare poet b bept slmle and of low eost,

foy amrlysls of twn {ypeen of aystima glves Lhe

te o1t dn Lile v, e bwn Tl syt wy
hieat qelideed dlreetly ta thwe interlore ave gl
taumlated,  Ihe 27% 0 1™ o 1ab eont el

vy tom imply tegulaed the oerete Tih
beoperaluie o 2% gl ot ook e, e
nhh et syglbom mavee, e L ool o setpoint
ot feeet Lo ot galent Lo aepature eeardhing to
the sohvbate Loy, a0 0 et 200

that the ol satpolnt 1= 79t 04

TAALE V
CONTROL SYSTEM COMPARISON

Enpy RMS imdr- te6&b t>75

Perfect 1822 0.0 0.0 0.0 0.0
700

Perfect 1968 ——— 68.0 0.0 0.0
NOF+2 ¥
0+ 1F 1887 3.0 64.2 19 3 207.6
Slab Control
Slab Reset 1847 2.8 64.% 14.0 196.4
Optimal 1710 2.3 6y.3 0.0 0.0

ambient, ond 70" for MF¥F ambicnt.  The
1ealizabla schomes shoa poor perfolmanse corgi en
to the optimil system, with consioeerabie

overheat Iy, I 15 felt thal sore cnhawvesent ot
the slab et system can be realiico by adihivg
anl icipation based on anil-nt teaperatuie rates,
gl knowled of the previme day s perfo:msnee.
At fonal Gndysis In thly area 1o continadng,

oL LIRS

The deston acthued Tesnds to o system thid will
petfoarm well with conndderable Insensltivity to
system var hles ot pay oot tee a1l b (ol
conbictivity) . Very simple 1eqll sable controls
th ot apperoan opt fead pet formarese, fat v il
sl veergy o vl Cond ol e tar e
o tmal control uaunt to 155, Foar Lhe slab
1t cnteol, savliogs one 6% wen cosgatoen to
fhe ekl peom U operatere contial weth
thunfnd, e overall pesalts of thi . sty
foudleate that with o contioller paoraa odny o
sl st of ntel lgenseae, me h-depnoves
system performanes can be sl taleea, oo ot
Pardw e Tt wouldd e pegilead Lo oy leeend o
vat lable wetpeinl contraller Gl ile
miviopioeeeanl) togld e weand lo depderent
nyslem whileh coabd antlegpate orees s et bl
o previore: perfotmate e hilstony ot e ey ales
uf anhien comtl oo o tbent a dgnininant
et b hindwane complex iy, w0ty
contralbia erald glaa st on - vl

oft prek tale stpectopeess Wty U o v eger ity
hete oot ala aceommtg e et beved Tate
conrdete gt froupe,



